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FUEL CELL 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to fuel cell including an 
electrolyte electrode assembly interposed between a pair of 
separators. The electrolyte electrode assembly includes a 
pair of electrodes, and an electrolyte interposed between 
the electrodes . 

Description of the Related Art : 

For example, a solid polymer electrolyte fuel cell 
employs a membrane electrode assembly (MEA) which comprises 
two electrodes (anode and cathode) and an electrolyte 
membrane interposed between the electrodes . The electrolyte 
membrane is a polymer ion exchange membrane. The membrane 
electrode assembly is interposed between separators. The 
membrane electrode assembly and the separators make up a 
unit of the fuel cell for generating electricity. A 
predetermined number of fuel cells are stacked together to 
form a fuel cell stack. 

In the fuel cell, a fuel gas such as a hydrogen- 
containing gas is supplied to the anode. The catalyst of 
the anode induces a chemical reaction of the fuel gas to 
split the hydrogen molecule into hydrogen ions (protons) and 
electrons . The hydrogen ions move toward the cathode 
through the electrolyte, and the electrons flow through an 
external circuit to the cathode, creating a DC electric 



current. An oxygen-containing gas or air is supplied to the 
cathode. At the cathode, the hydrogen ions from the anode 
combine with the electrons and oxygen to produce water. 

In the fuel cell, it is desirable to improve the 
sealing characteristics of the membrane electrode assembly 
and the separators. For example, Japanese laid-open patent 
publication No. 2002-25587 discloses a fuel cell directed to 
improve the sealing characteristics. As shown in FIG. 6, 
the fuel cell includes a membrane electrode assembly 1, and 
first and second separators 2, 3. The membrane electrode 
assembly 1 includes an anode 5, and a cathode 6, and a solid 
polymer electrolyte membrane 4 interposed between the anode 
5 and the cathode 6. The surface area of the anode 5 is 
larger than the surface area of the cathode 6. A first seal 
7a is provided around the cathode 6 on the inner surface 
side of the second separator 3. The first seal 7a is in 
contact with the solid polymer electrolyte membrane 4 . 
Further, a second seal 7a is provided around the first seal 
7a between the first and second separators 2, 3. 

Typically, the first and second separators 2, 3, are 
made of material chiefly containing carbon. However, the 
mechanical strength of the carbon material is not high. The 
carbon material is not suitable for producing thin 
separators. In recent years, metal plates are used for 
producing the separators. The strength of the separators in 
the form of metal plates is high in comparison with the 
strength of the separators made of carbon material. 



Therefore, the metal plates are suitable for producing the 
thin separators. Desirable shapes of reactant gas flow 
fields can be formed in the metal separators by press 
forming. Thus, the overall size and weight of the fuel cell 
5 are reduced. 

FIG. 7 is a view showing a possible structure of a fuel 
cell using the metal separators. In the fuel cell, a 
membrane electrode assembly 1 is interposed between first 
and second metal separators 2a, 3a. An oxygen -containing 

10 gas flow field 8a is formed on the first metal separator 2a 

for supplying an oxygen-containing gas to a cathode 6. A 
fuel gas flow field 8b is formed on the second metal 
separator 3a for supplying a fuel gas to an anode 5 . 
Each of the anode 5 and the cathode 6 has a gas 

15 diffusion layer 5a , 6a such as a porous carbon paper, and an 

electrode catalyst layer 5b , 6b of platinum alloy supported 
on porous carbon particles. The carbon particles are 
deposited uniformly on the surface of the gas diffusion 
layer 5a, 6a. 

20 However, in the structure, a space 9 is defined by a 

first seal 7a, the first separator 2a, and the cathode 6. 
The space 9 is not utilized for power generation. However, 
the oxygen-containing gas flows through the space 9, and 
thus, the oxygen-containing gas is not supplied to the 

25 electrode surface efficiently. Consequently, the power 

generation performance of the fuel cell is lowered. 

The distance H from the first seal 7a to the power 
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generation area (the area of the fuel cell actually utilized 
for power generation) is relatively large* The percentage 
of the surface area used for power generation in the entire 
surface is reduced. Thus, the overall size of the fuel cell 
needs to be large for maintaining the desired power 
generation performance. 

SUMMARY OF THE INVENTION 

A general object of the present invention is to provide 
a fuel cell with a simple and compact structure in which 
reactant gases do not leak from reactant gas flow fields, 
and the desired power generation performance is maintained. 

According to the present invention, an electrolyte 
electrode assembly includes a pair of electrodes and an 
electrolyte interposed between the electrodes . The 
electrolyte electrode assembly is sandwiched between a pair 
of metal separators. The electrodes include respective gas 
diffusion layers and respective electrode catalyst layers 
facing the electrolyte. A surface area of one of the gas 
diffusion layers is larger than a surface area of the other 
of the gas diffusion layers. One gas diffusion layer 
includes an outer marginal region extending outwardly beyond 
an outer region of the other gas diffusion layer. A seal 
member is interposed between the outer marginal region and 
the metal separator. 

The seal member includes a flow field wall inserted 
between the outer region of the other gas diffusion layer 



and the metal separator* The flow field wall defines a part 
of the reactant gas flow field. The seal member is in 
contact with the electrolyte and the gas diffusion layer. 
The contact area extends continuously from the electrolyte 
to the gas diffusion layer. Thus, leakage of the reactant 
gas from the gas diffusion layer is prevented reliably. 

The seal member itself forms a part of the reactant gas 
flow field. Therefore, the space which is not utilized for 
power generation is not formed between the seal member and 
the metal separator. Since the oxygen- containing gas does 
not flow into the space which is not utilized for power 
generation, the reactant gas can be used efficiently. Thus, 
the power generation performance of the fuel cell is greatly 
improved . 

Preferably, the reactant gas flow field is a serpentine 
flow passage having at least one turn region. The seal 
member includes a partition seal in contact with the metal 
separator and the gas diffusion layer. The partition seal 
extends into the turn region of the reactant gas flow field 
to form the serpentine flow passage. The serpentine flow 
passage comprises grooves sealed air-tight. The reactant 
gas flows through the grooves along both sides of the 
partition seal in opposite directions . 

Therefore, in the turn region in which a pressure 
difference of the reactant gas may exist, shortcuts of the 
reactant gas are effectively prevented. The leakage of the 
reactant gas is reliably prevented, and the reactant gas is 



uniformly supplied to the power generation surface of the 
fuel cell. Thus, the desired power generation performance 
of the fuel cell is reliably maintained. 

The above and other objects, features and advantages of 
the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which preferred embodiments of the 
present invention are shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view showing main 
components of a fuel cell according to an embodiment of the 
present invention ; 

FIG. 2 is a cross sectional view showing main 
components of the fuel cell; 

FIG. 3 is a front view showing a first metal separator 
of the fuel cell; 

FIG. 4 is a front view showing a second metal separator 
of the fuel cell; 

FIG. 5 is a cross sectional view showing a U-turn 
region of the fuel cell; 

FIG. 6 is a cross sectional view showing main 
components of a conventional fuel cell; and 

FIG. 7 is a cross sectional view showing main 
components of another fuel cell. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



FIG. 1 is an exploded perspective view showing main 
components of a fuel cell 10 according to an embodiment of 
the present invention. FIG. 2 is a cross sectional view 
showing main components of the fuel cell 10. 
5 The fuel cell 10 includes a membrane electrode assembly 

(electrolyte electrode assembly) 12, and first and second 
metal separators 14 , 16 for sandwiching the membrane 
electrode assembly 12. As shown in FIG. 1, at one end of 
the fuel cell 10 in a horizontal direction indicated by an 

10 arrow B, an oxygen- containing gas supply passage 30a for 

supplying an oxygen-containing gas, a coolant discharge 
passage 32b for discharging a coolant, and a fuel gas 
discharge passage 34b for discharging a fuel gas such as a 
hydrogen-containing gas are arranged in a vertical direction 

15 indicated by an arrow C. The oxygen -containing gas supply 

passage 30a, the coolant discharge passage 32b, and the fuel 
gas discharge passage 34b extend through the fuel cell 10 in 
a stacking direction indicated by an arrow A. 

At the other end oF the fuel cell 10 in the direction 

20 indicated by the arrow B, a fuel gas supply passage 34a for 

supplying the fuel gas, a coolant supply passage 32a for 
supplying a coolant, and an oxygen -containing gas discharge 
passage 30b for discharging the oxygen-containing gas are 
arranged in the direction indicated by the arrow C. The 

25 fuel gas supply passage 34a, the coolant supply passage 22a, 

and the oxygen-containing gas discharge passage 30b extend 
through the fuel cell 10 in the direction indicated by the 
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arrow A. 

The membrane electrode assembly 12 comprises an anode 
38, a cathode 40, and a solid polymer electrolyte membrane 
36 interposed between the anode 38 and the cathode 40. The 
solid polymer electrolyte membrane 36 is formed by 
impregnating a thin membrane of perf luorosulf onic acid with 
water, for example. 

As shown in FIG. 2, each of the anode 38 and the 
cathode 40 has a gas diffusion layer (porous diffusion 
member) 42a, 42b, and an electrode catalyst layer 44a, 44b 
of platinum alloy supported on porous carbon particles . The 
carbon particles of the electrode catalyst layer 44a, 44b 
are deposited uniformly on the surface of the gas diffusion 
layer 42a, 42b. The electrode catalyst layer 44a of the 
anode 38 and the electrode catalyst layer 44b of the cathode 
40 are fixed to both surfaces of the solid polymer 
electrolyte membrane 36, respectively. 

The surface area of the anode 38 is larger than the 
surface area of the cathode 40. The gas diffusion layer 42a 
of the anode 38 includes an outer marginal region 45 
extending outwardly beyond an outer region of the gas 
diffusion layer 42b of the cathode 40. 

As shown in FIG. 1, the first metal separator 14 has a 
serpentine oxygen-containing gas flow passage (reactant gas 
flow field) 46 on its surface 14a facing the membrane 
electrode assembly 12. As shown in FIG. 3, the serpentine 
oxygen -containing flow passage 46 comprises a plurality of 



oxygen-containing gas grooves 48 extending in a serpentine 
pattern including two U-turn regions for allowing the 
oxygen-containing gas to flow horizontally back and forth in 
the direction indicated by the arrow B, and vertically in 
the direction indicated by the arrow C. The serpentine 
oxygen-containing gas flow passage 46 is connected to the 
oxygen-containing gas supply passage 30a at one end, and 
connected to the oxygen-containing gas discharge passage 30b 
at the other end. 

As shown in FIG. 4, the second metal separator 16 has a 
serpentine fuel gas flow passage (reactant gas flow field) 
50 on it surface 16a facing the membrane electrode assembly 
12. The serpentine fuel gas flow passage 50 comprises a 
plurality of fuel gas grooves 52 extending in a serpentine 
pattern for allowing the fuel gas to flow horizontally back 
and forth, and vertically. The serpentine fuel gas flow 
passage 50 is connected to the fuel gas supply passage 34a 
at one end, and connected to the fuel gas discharge passage 
34b at the other end. 

As shown in FIGS. 1 and 2, a coolant flow passage 54 is 
formed between a surface 14b of the first metal separator 14 
and a surface 16b of the second metal separator 16. The 
coolant flow passage 54 comprises a plurality of coolant 
grooves 56 extending in the direction indicated by the arrow 
B. The coolant flow passage 54 is connected to the coolant 
supply passage 32a at one end, and connected to the coolant 
discharge passage 32b at the other end. 



As shown in FIG. 2, a seal member 60 is provided on a 
flat surface 14c of the first metal separator 14. The seal 
member 60 may be attached to the flat surface 14c by heat. 
While a surface 14a of the first metal separator 14 is in 
contact with the cathode 40, the flat surface 14c of the 
first metal separator 14 is spaced from the cathode 40 by a 
predetermined distance. The seal member 60 includes a main 
seal 62 interposed between the solid polymer electrolyte 
membrane 36 and the flat surface 14c of the first metal 
separator 14, corresponding to a position of the outer 
marginal region 45 of the gas diffusion layer 42a of the 
anode 38. Further, the seal member 60 includes a flow field 
wall 64 interposed between the outer region of the gas 
diffusion layer 42b and the flat surface 14c of the first 
metal separator 14. 

The main seal 62 is formed around an outer region of 
the solid polymer electrolyte membrane 36, the oxygen- 
containing gas supply passage 30a, and the oxygen-containing 
gas discharge passage 30b. The flow field wall 64 is 
thinner than the main seal 62, and formed around the outer 
region of the gas diffusion layer 42b. As shown in FIG. 2 # 
the flow field wall 64 defines a part of the oxygen - 
containing gas groove 48 of the first metal separator 14. 

As shown in FIGS. 1 and 3, the seal member 60 further 
includes two partition seals 66 extending integrally from 
the main seal 62 into the U-turn regions of the serpentine 
oxygen-containing gas flow passage in the oxygen-containing 
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gas flow field 46. As shown in FIG. 5, the partition seals 
66 are interposed between the gas diffusion layer 42b and 
the flat surface 14c of the first metal separator 14. The 
oxygen -containing gas flowing through the oxygen -containing 
gas grooves 48 along one side of the partition seal 66 turns 
back at an end of the partition seal 66, and flows along the 
other side in the opposite direction. The oxygen -containing 
gas grooves 48 are sealed air-tight by the seal member 60. 

As shown in FIGS. 4 and 5, partition seals 68 are 
interposed between a flat surface 16c of the second metal 
separator 16 and the gas diffusion layer 42a. The partition 
seals 68 extend into the U-turn regions of the serpentine 
fuel gas flow passage in the fuel gas flow field 50. The 
fuel gas flowing through the fuel gas grooves 52 along one 
side of the partition seal 68 turns back at an end of the 
partition seal 68, and flows along the other side of the 
partition seal 68 in the opposite direction. The fuel gas 
grooves 52 are sealed air-tight by the seal member 60. 

As shown in FIGS. 1 and 2, a seal member 70 is 
interposed between the first metal separator 14 and the 
second metal separator 16, at a position corresponding to 
the main seal 62 of the seal member 60. The coolant flow 
passage 54 is formed along the seal member 70 between the 
coolant supply passage 32a and the coolant discharge passage 
32b. The coolant flow passage 54 is sealed air-tight by the 
seal member 70. 

Next, operation of the fuel cell 10 will be described 



below. As shown in FIG. 1, a fuel gas such as a hydrogen- 
containing gas is supplied to the fuel gas supply passage 
34a, and an oxygen-containing gas is supplied to the oxygen- 
containing gas supply passage 30a. Further, a coolant such 
5 as pure water, an ethylene glycol or an oil is supplied to 

the coolant supply passage 32a. 

The oxygen -containing gas flows from the oxygen- 
containing gas supply passage 30a into the oxygen -containing 
gas flow passage 46 formed on the first metal separator 14, 

10 and flows through the oxygen -containing gas grooves 48 in 

the direction indicated by the arrow B in a serpentine 
pattern along the cathode 40 of the membrane electrode 
assembly 12 to induce an electrochemical reaction at the 
cathode 40. The fuel gas flows from the fuel gas supply 

15 passage 34a into the fuel gas flow passage 50 formed on the 

second metal separator 16, and flows through the fuel gas 
grooves 52 in the direction indicated by the arrow B in a 
serpentine pattern along the anode 38 of the membrane 
electrode assembly 12 to induce an electrochemical reaction 

20 at the anode 38 . 

In the membrane electrode assembly 12, the oxygen- 
containing gas supplied to the cathode 40, and the fuel gas 
supplied to the anode 38 are consumed in the electrochemical 
reactions at the electrode catalyst layers 44a, 44b of the 

25 cathode 40 and the anode 38 for generating electricity. 

After the fuel gas is consumed at the anode 38, the 
fuel gas is discharged into the fuel gas discharge passage 



- 12 - 



34b, and flows in the direction indicated by the arrow A. 
Similarly, after the oxygen-containing gas is consumed at 
the cathode 40, the oxygen-containing gas is discharged into 
the oxygen-containing gas discharge passage 30b, and flows 
in the direction indicated by the arrow A. 

The coolant flows from the coolant supply passage 32a 
into the coolant flow passage 54 between the first metal 
separator 14 and the second metal separator 16, and flows in 
the direction indicated by the arrow B. After the coolant 
is used for cooling the membrane electrode assembly 12, the 
coolant is discharged into the coolant discharge passage 
32b. 

In the present embodiment, as shown in FIG. 2, the 
surface area of the gas diffusion layer 42a is larger than 
the surface area of the gas diffusion layer 42b. The seal 
member 60 is provided on the side of the gas diffusion layer 
42b. The seal member 60 includes the main seal 62 
interposed between the solid polymer electrolyte membrane 36 
and the flat surface 14c of the first metal separator 14, at 
a position corresponding to the outer marginal region 4 5 of 
the gas diffusion layer 42a. The seal member 60 further 
includes the flow field wall 64 extending integrally from 
the main seal 62 for defining a part of the oxygen- 
containing gas groove 48. The flow field wall 64 is 
inserted between the outer region of the gas diffusion layer 
42b and the flat surface 14c of the first metal separator 



As described above, the seal member 60 is in contact 
with the solid polymer electrolyte membrane 36 and the outer 
region of the gas diffusion layer 42b. Since the contact 
area extends continuously from the solid polymer electrolyte 
membrane 36 to the gas diffusion layer 42b, the leakage of 
the oxygen- containing gas from the gas diffusion layer 42b 
is reliably prevented. 

The seal member 60 itself forms a part of the oxygen- 
containing gas groove 48. Therefore, the space which is not 
utilized for power generation is not formed between the seal 
member 60 and the first metal separator 14. Since the 
oxygen -containing gas does not flow into the space which is 
not utilized for power generation, the oxygen-containing gas 
can be used efficiently. Thus, the power generation 
performance of the fuel cell 10 is greatly improved. 

In the first metal separator 14, the power generation 
area (the area of the fuel cell actually utilized for power 
generation) is expanded to the position where the flow field 
wall 64 of the seal member 60 is provided. In contrast to 
the conventional structure, the area which is not utilized 
for power generation is small. Thus, the desired power 
generation performance of the fuel cell 10 can be 
maintained, and the overall size and weight of the fuel cell 
10 can be reduced effectively. 

As shown in FIGS. 1 and 5 , the seal member 60 includes 
the partition seal 66 for forming the U-turn region of the 
oxygen-containing gas flow passage 46 . The oxygen- 
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containing gas flowing through the oxygen -containing gas 
grooves 48 along one side of the partition seal 66 turns 
back at an end of the partition seal 66, and flows along the 
other side in the opposite direction. The oxygen- containing 
gas grooves 48 are sealed air-tight by the seal member 60. 

Therefore, in the U-turn region in which a pressure 
difference in the opposite flows of the oxygen -containing 
gas may exist, the partition seal 66 divides the opposite 
flows of the oxygen -containing gas. Therefore, shortcuts of 
the oxygen- containing gas are effectively prevented. Thus, 
the oxygen-containing gas is supplied to the entire power 
generation surface uniformly, and the power generation 
performance of the fuel cell 10 is maintained desirably. 

Similarly, the partition seal 68 in the fuel gas 
passage 50 divides the opposite flows of the fuel gas. The 
partition seal 68 prevents the shortcuts of the fuel gas 
between the opposite flows of the fuel gas effectively. 
Thus , the fuel gas is supplied to the entire power 
generation surface uniformly. 

In the fuel cell according to the present invention, a 
seal member is interposed between an outer marginal region 
of one gas diffusion layer and a metal separator. The seal 
member includes a flow field wall inserted between an outer 
region of the other gas diffusion layer and the metal 
separator. The flow field wall defines a part of the 
reactant gas flow field. The seal member is in contact with 
an electrolyte and the gas diffusion layer. Since the 



- 15 - 



contact area extends continuously from the electrolyte to 
the gas diffusion layer, the leakage of the reactant gas 
from the gas diffusion layer is reliably prevented. 

The seal member itself forms the reactant gas flow 
5 field. Therefore, the space which is not utilized for power 

generation is not formed between the seal member and the 
metal separator. Since the reactant gas does not flow into 
the space which is not utilized for power generation, the 
reactant gas can be used efficiently. Thus, the power 

10 generation performance of the fuel cell is greatly improved. 

While the invention has been particularly shown and 
described with reference to preferred embodiments, it will 
be understood that variations and modifications can be 
effected thereto by those skilled in the art without 

15 departing from the spirit and scope of the invention as 

defined by the appended claims. 
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